Serologically active fractions from 8 strains of Streptococcus fuecalis, each with a different type antigen, were obtained by partial purification on a DEAE-cellulose column. By qualitative analysis of the hydrolysates of these fractions it was shown that glucose and glucosamine were always present, galactosamine and galactose were generally present. Arabinose was present as a minor component in some cases, whereas rhamnose was never found. Some evidence suggested that the glucose present in these hydrolysates was at least partly derived from the group D teichoic acid. N-acetylglucosamine or N-acetylgalactosamine and their corresponding hexoses were the main inhibitors of the quantitative precipitin reaction in 4 out of 8 type antigen systems investigated. In the type 19 system the two N-acetylhexosamines but no other sugars were inhibitory. No inhibition by simple sugars was observed with the remaining three systems. The conditions required to obtain serologically active extracts are discussed. Two kinds of inhibitors formed during HCl extraction were isolated.
INTRODUCTION
Streptococcus faecalis strains can be classified into a number of serological types.
By comparison of the results obtained by several investigators Sharpe (1964) proposed a classification into 11 type antigens. Elliot (1960) showed that the type antigens of three different S. faecalis types were located in the cell wall. Sharpe (1964) confirmed this observation for 20 strains of S . faecalis belonging t o 11 serological types, and concluded that the type antigens were carbohydrates because they were destroyed by treatment with periodate. Maxted & Fraser (1964) found that extracts made with 0.05 N-HC~ sometimes gave no precipitation with homologous type sera, but that the precipitate obtained from suchextracts with acid ethanol contained serologically active material, while the supernatant fluid contained an acetone-insoluble material which inhibited the precipitin reaction. Extracts made with 0.01 N-HC~ were always serologically active.
In several group D streptococci the identity of the group D antigen and intracellular teichoic acid was demonstrated by Wicken, Elliot & Baddiley (1963) . Chemical analysis of the teichoic acid showed it to contain glycerol phosphate and di-and tri-glucosyl residues attached to most of the glycerol units. The treatment of Streptococcus faecalis with acid gives rise to extracts which contain both type antigen and teichoic acid (group antigen).
The present work was designed t o give an immunochemical approach to the serological classification of the 8 apparently most common type antigens of Streptococcus faecalis strains. Qualitative analyses of the sugar components of the type antigens were made by paper chromatography. Information about the determinant group of most of these type antigens was obtained by inhibition of the quantitative precipitin reaction with simple sugars. Preparation of anlisera. Antisera were prepared and absorbed as described by Sharpe & Shattock (1952) . Anti-pneumococcal sera were obtained from Dr E. Lund, Statens Seruminstitut, Copenhagen.
METHODS

Organisms
Extracts. Strains were grown in 8 1. vol. of 0.5% glucose nutrient broth no, 2 (Oxoid) at 37' for 24 hr. After harvesting, the cocci were washed once, resuspended in 320 ml. 0.01 N-HC~ and heated for 15 min. in a boiling water bath. After centrifugation the extraction procedure was repeated once with 100 ml. 0.01 N-HC1. The extracts were pooled and dialysed against distilled water until neutral. When an extract was inactive with the homologous antiserum, the antigen was precipitated by the addition of 2.5 vol. of 96% ethanol in water and redissolved in distilled water after centrifugation.
Preparation of teichoic acid. Teichoic acid was prepared from strain D 76 as described by Wicken et al. (1963) .
Purijcation of the extracts, hydrolysis, paper-chromatography and inhibition of the quantitative precipitin reaction. The methods of Willers, Michel, Sysma & Winkler (1964) were used.
Isolation of inhibitors present in a non-reactive extract. The organisms from a 10-1.
culture of the type 19 strain were successively extracted with 0-01 N-and 0.05 N-HCI. The combined extracts were dialysed three times against distilled water and the diffusates were evaporated to dryness and redissolved in 3-5 ml. distilled water. This solution was used for paper chromatography and for inhibition reactions.
The dialysis residue was precipitated with 2.5 vol. 96 yo ethanol in water and the precipitate dissolved in distilled water. The addition of an equal volume of acetone to the ethanolic supernatant fluid gave also a precipitate which was soluble in distilled water (see Fig. 1.) .
RESULTS
Extraction of antigens.
After treatment with 0.01 N-HCI only the strains of type 1, 3 and 6 gave serologically active extracts. The serological activity of non-reactive extracts was retested after precipitation with ethanol as described by Maxted & Fraser (1964 , 1966 . Extracts from the strains of type 5, 9 and 19 then gave positive precipitin reactions with their antisera. As the extracts from the strains of types 4 and 8 remained non-reactive even after ethanol treatment we tried to get a better antigen production by growing these strains at 24" during 36 hr as suggested by Sharpe & Fewins (1960) . Organisms grown at 24" and extracted with 0.01 N-HC1 were again non-reactive. However, extraction of both organisms with 0.05 N-HCl gave active extracts when the bacteria were grown either at 24" or at 37".
Puri$cation. Chromatography on DEAE cellulose columns of the serologically active extracts gave no uniform results ( Table 1) . The serological activity of the extracts of type 5 and 6 strains was found in the distilled-water fractions, but the active fractions of other type antigens were eluted with phosphate buffer containing 0.1 M-NaCl or 0.25 M-NaCI. The serological activity in the quantitative precipitin reaction was in all cases restricted to one fraction, indicating a moderate degree of purification. The percentages of the yield and protein content of the serological active fractions are as shown in Table 1 . In the type antigens of group F streptococci obtained by formamide extraction, the serologically active fractions from the DEAE-cellulose column always had the lowest protein content (Willers et al. 1964) , but in the present investigation a similar purification of the type antigens of Streptococcus faecalis gave a much less effective separation of serological activity and protein content. (type 1) yielded 130 mg. teichoic acid. This teichoic acid gave a precipitate both with group D antiserum and with type antiserum. Treatment of the teichoic acid with 0.01 N-HC1 for 10 min. at 100" did not decrease either of these serological activities as measured in the capillary precipitin reaction. A similar treatment with 0.05 N-HC1 decreased the serological activities of the teichoic acid to only weak precipitin reactions with both group D and type 1 antisera. The teichoic acid which had been treated with 0.01 N-HC1 was precipitated with 2.5 vol. of ethanol and redissolved in distilled water. This solution was put on a DEAE-cellulose column. Serological tests of the eluates revealed that the distilled-water fraction contained both group D and type 1 antigen.
The serologically active fractions of the eight different Streptococcus faecalis types were tested against group D antiserum in the capillary ring reaction. The type 1 extract (strain N 37) and the type 4 extract gave good precipitates with the antiserum, and the type 3 and type 9 extracts gave weak reactions.
Qualitative analyses. The results of qualitative analysis of the serologically active fractions are given in Table 2 . All contained glucose and glucosamine and all except the type 4 fraction contained galactosamine. Moreover most fractions contained galactose and possibly arabinose. No rhamnose was found. To confirm the absence of rhamnose and the possible presence of arabinose with a more sensitive method, one-dimensional chromatograms were run. Again no rhamnose was found, although 5 % rhamnose in a sugar mixture can be detected. The presence of arabinose was suggested in four of the extracts.
Inhibition of the quantitative precipitin reaction. The serologically active fractions obtained from the DEAE-cellulose column were used as antigen in a quantitative precipitin reaction. Table 3 gives the results of the inhibitions by simple sugars and oligosaccharides. None of the sugars used gave any inhibition in the type 3, type 8 and type 9 systems. Both the N-acetylhexosamines were active in the type 19 system, whereas in other systems only one of them was inhibitory. When a Nacetylhexosamine was active, the corresponding hexose and some of its derivatives were also good inhibitors. Though the type 4 and type 6 systems were inhibited by the same sugars, no cross-reactions of these were observed.
When both N-acetylhexosamine and the corresponding hexose are active inhibitors of a system, the possibility exists that the determinant group contains an O-acetylated hexose as terminal sugar (Uchida, Robbins & Luria, 1963) . To exclude this possibility in the type 1, 4, 5 and 6 systems, the antigens were mixed with an equal volume of 0.01 N-NaOH, left at room temperature for 20 and 60 min. and finally neutralized with 0.01 N-HCl. Comparison of the serological activity of both the treated and untreated antigens showed no loss in antibody-precipitating capacity.
Cross-reactions with other streptococcal antigens and with streptococcal and pneumococcal sera. N-acetylglucosamine is known to be the terminal sugar of the group A streptococcal antigen (McCarty, 1958) . As this sugar is an inhibitor in the type 1, 5 and 19 systems, cross-reactions between these systems and group A antiserum were investigated. No cross-precipitin reactions were found. Similarly type 4, 6 and 19 antigens of Streptococcus faecalis for which N-acetylgalactosamine is an inhibitor were tested for cross-reactions with group C antiserum, which contains combining sites directed against N-acetylgalactosamine ( Krause & McCarty, 1962) . A positive reaction was found between S . faecalis type 6 antigen and group C antiserum. Pneumococcal sera type 11, VIa, VIII and XIV gave no cross-reactions with any of the type antigens of S . faecalis. Globoside with the structure N-acetylgalactosaminoyl-a-( 1 + 3) galactosyl (1 +-4) galactosyl (1 + 4) glucosyl-sphingosine (Yamakawa, Nishimura & Kamimura, 1965 Isolation of inhibitors present in the type 19 extract. The procedure as described in
Methods is shown in Fig. 1 . The extracts were tested in the capillary precipitin test. The initial extract (extract 1) gave a negative reaction, but became weakly positive after dialysis (extract 2). The addition of 2.5 vol. of ethanol to extract 2 yielded a precipitate which when dissolved in a volume of water equal to the volume of extract 2 gave a strong capillary precipitin reaction (extract 3). Two kinds of inhibitors were obtained. The low molecular-weight inhibitor (inhibitor I), which was fairly active, was found in the dialysis residue of extract 1. A second kind of inhibitor was isolated from extract 2, the supernatant fluid remaining after ethanol precipitation of the type-specific material was treated with acetone, and the resulting precipitate redissolved. Inhibitor 2 was much more active than inhibitor 1.
DISCUSSION
Chromatography on DEAE-cellulose was much less effective for the separation of type-specific antigenic material from protein in hydrochloric acid extracts of group D streptococci than in formamide extracts of group F streptococci (Willers  et al. 1964) . Moreover, the protein content and the dry weight of each serologically active fraction varied appreciably with the different type antigens. The results of qualitative analysis of the purified type antigens of group D streptococci differed in several respects from the results of analyses of the group antigens of A (McCarty, (Willers et al. 1964) and G streptococci (Curtis & Krause, 1963) , and of the type antigens of group F streptococci (Willers et al. 1964 ). In the latter antigens rhamnose is a major component of the polysaccharide, but in the type antigens of group D no rhamnose was detected by paper chromatography.
Rhamnose is a component of the cell wall of streptococci of group D (Jones & Shattock, 1960) as well as of all the other common groups of streptococci that have been investigated (Slade & Slamp, 1962) . The same sugar was also found in typespecific antigenic material from the three different strains of Streptococcus faecalis by Elliott The discrepancies in these observations may be ascribed to the differences in the strains investigated and in the methods used for the preparation of the antigenic material.
It was shown that the teichoic acid and the type antigen of Streptococcus faecalis strain D 76 were extracted together with a cold trichloroacetic acid solution and were not separated by the treatment with acid ethanol and acetone nor by the DEAEcellulose column fractionation. It was further shown that the group D antigen was present in a number of type antigen extracts prepared with 0-01 N-HCI. Therefore the strong glucose spot shown in all chromatograms of the hydrolysates of the acid extracts of the 8 difyerent S. faecalis types may at least be derived partly from the group D antigen.
Inhibition of the quantitative precipitin reaction by simple sugars was observed only with 5 of the 8 type antigens, In the type 1 system, an a-glucosidic group and N-acetylglucosamine appear to be part of the determinant group. Recently Bleiweis & Krause (1965) observed these sugars to be inhibitory in the type 1 system. In the type 5 system N-acetylglucosamine and glucose and its derivatives cellobiose and maltose are inhibitors, but there is no evidence about the kind of linkage. In the same way, the inhibition found in the type 4 and type 6 systems point to the presence of an a-galactosidic moiety and N-acetylgalactosamine in the determinant group. The simultaneous activity as inhibitors of hexoses and the corresponding hexosamines of the type 1, 4, 5 and 6 antigens, suggested the presence of 0-acetyl residues in the determinant group, but the insensitivity of these antigens to 0-01 N-NaOH treatment practically excluded this possibility.
Important information about structures of determinant groups can often be obtained from cross-reactions with sera possessing combining sites directed against determinants of known composition. None of the Streptococcus fuecalis type specific products gave cross-reactions with pneumococcal sera for types 11, VIa, VIII or XIV, or with group A antiserum. One of them (type 6) did, however, react with the group C antiserum. As the reactions between type 6 and type 4 antigens and their homologous antisera are not inhibited by globoside containing a terminal P-Nacetylgalactosamine group, the presence of a N-acetylgalactosamine in the aconfiguration in type 6 and type 4 antigens has to be considered.
To obtain from all the cultures extracts of sufficient potency for use in the quantitative precipitin reaction we had to use three different methods of extraction with hydrochloric acid. These results appear to be at variance with the finding of Maxted & Fraser (1964 , 1966 ) that all strains gave serologically active extracts with 0.01 N-HC1. When we used their small-scale method we obtained results similar to theirs. For use in a quantitative precipitin reaction more concentrated extracts are needed. In preparing such extracts from the deposit from 8-1. cultures different methods were necessary. In the case of types 1, 3 and 6 the hydrolysis with 0.01 NHCl split enough type antigen and only few inhibiting molecules to give a good precipitin reaction. Of the types 5, 9 and 19 so much inhibiting material was produced that removal of these inhibitors was necessary before a sufficiently strong precipitin reaction could be obtained. The hydrolysis conditions for the type 4 and 8 organisms were possibly too weak to dissolve sufficient antigen for a quantitative precipitin reaction.
The difference between the strains which gave reactive and non-reactive extracts on treatment with 0.01 N-HC~ can be explained by the fact that during the extraction of the latter strains fragments were released which inhibited the antigen-antibody reaction. This was further shown since during the extraction of the type 19 bacteria two kinds of fragments were isolated. Both materials caused strong inhibition and behaved on paper chromatograms as mixtures of oligosaccharides. Inhibitors of small molecular size were obtained by dialysis whereas larger inhibitors could be precipitated with acetone. 
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